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A  study  of  oxidative  instability  versus  molecular  structure  for 
a  systematic  series  of  well  defined  linear  poiy(carborani-:-siioxane)s 
.  'is  reported.  These  polymers1  form  the  backbone  components  of  the  most 
recently  developed  high'  temperature  elastomers.  The  basic  structure 
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•  where  1)  x»l, 3, 4 ,5 2)  A^ end- groups  (reactive  and  inert);  3)  Z-meta-, 

;  para-edrborane  '(x"or  x=3);  4)  A=-CHs">  R-  ~CaBt,CFs  (for  x=3);  one  in  rive 

i  Rs~C6K3  with  the  remainder  -CH.j  (for  x*4);  5)  molecular  weight  :  ^  ]U,  . 

:  ' 900;  i‘t5$i000  '(for  x=3).  Thermomechanical  spectra  in  air  (*vl  cps^  from  . 
f  130eO625°C*»\L3Q0C  at  3,6°C/Biin,  thermogr-avimetric  data  from  25dO&00°C 
5  in  aif  (3 ,6flC/min)  and  differential  thermal  data  from  25°C*yv4$o°C  in 

*  air  (15°C/'min)  are  presented.  Thermo-oxidative  stability  is  discussed 
\  in  terms  of  structure  and  broad  categories  of  behavior  are  defined. 
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ABSTRACT 


A  study  of  oxidative  instability  versus  molecular  stricture 
for  a  systematic  series  of  well  defined  linear  poly(carb  ):•  ane- 
siloxane)s  is  reported.  These  polymers  form  the  backbone  components 
of  the  most  recently  developed  high  temperature  elastomers.  The 
basic  structure  is: 
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- 

A  -  0  - 

•  Si  -  Z  - 

’Si  -  0' 

— 

ch3 

CH, 

x 

where  1)  x  =  1,  3,  4,  5,  2)  A  =  end-groups  (reactive  and  inert); 

3)  Z  =  meta-para-carborane  (for  x  =  3);  4)  R  =  -CF3,  R  =  -C2H4CF3 
(for  x  =  3);  one  in  five  R  =  -C6H5  with  the  remainder  - CM 3  (for  x  = 

4) ;  5)  molecular  weight  =  ^10,000,  ^50,000  (for  x  =  3).  Thermo¬ 
mechanical  spectra  in  air  (*vl  cps)  from  130°C  625°C  *►  130°C  at 

3.6°C/min,  therrnogravimetric  data  from  25°C  -*■  800°C  in  air  (3.6°C/ 
min)  and  differential  thermal  data  from  25°C  *►  'v  450°C  in  air  (15°C/ 
min)  are  presented.  Thermo-oxidative  stability  is  discussed  in  terms 
of  structure  and  broad  catagories  of  behavior  are  defined. 


1 


HTfiR  mEFPFR/TtJFE  Ft  ASTCMEUS  :  THERMO-OXIDATIVE 
DEHAV3  Cv  r?  A  SYSTEMATIC  SERTgs  OF  LINEAR 
PriY  (CAhBr-VAFF-STLOXAHF)  S  C''KTAiNT*G  IC05«  iiSDRAI. 

-CB10H10C-  r  A3£S« 

w*  p  ■  oiler  and  J  K-  Gillham 

Polymer  Materials  Program 
Department  of  Chemical  Engineering 
Princeton  University 
Princeton,  V-  J,  0°SU0 

TUTRC  DUCTT  OR 

recently  the  t.bermomechanical  properties  of  a 
systematic  scries  of  linear  poly (carborane-siloxane) s 
containing  icosohedral  -CB10H10C-  cages  were  reported  (1), 
'’'he  report  included  physical  properties  of  the  materials 
(molting,  crystallization,  glass  and  glassy  state  secondary 
transitions)  as  determined  by  torsional  braid  analysis  (TBA 
)  .  Tt.  also  reported  a  high  dpgree  of  thermal  stability  (in 
nitrogen  and  argon)  as  detected  by  TBA  ,  thermogravimeti In 
analysis  (toa  )  and  differential  thermal  analysis  (DT A  )  „ 
The  data  indicated  that  in  nitrogen,  at  a  heatinq  rate  of 
1  6  deg  C/^in,  several  of  these  materials  did  not  crosslink 


or  lose  appreciable  weight  until  temperatures  greater  than 
S00deg«C  Expanding,  upon  the  previous.  report,  this 
communication  discusses  the  thermo-oxidative  stability  of 
the  linear  polymers  in  mechanical  (  by  TBfc-  )  and  thermal  (by 
DTA  and  T3A  1  terms.. 

FXPE»TMF>JTAI 

The  structures  of  the  systematic  series  of 
linear  carhorane-siloxane  polymers  studied  herein  are  shown 
in  Table 

If £jhQjs3U£S !  The  thermomechanica  1  spectra  (Figures  1-3) 
were  determined  by  torsional  braid  analysis  (  2,3,4  ),  The 
spectra,  in  flowing  air,  cover  the  temperature  range  of  130 
to  625  to  *?Qdeg-C  at  a  programming  rate  of  3,  fideg„  C/Kin- 
The  specimens  were  solution-cast  ,  glass  braid/polymer 
composites-  All  of  the  specimens,  except  10-SiR-1,  were 
prepared  by  drying  (in  nitrogen  at  2  d^q  C/Win  to  200deg.C) 
a  braid  soaked  in  a  10  percent  (  q  polymer/  ml  solvent  ) 
solution  of  polymer  in  benzene,  mhe  10-sip-l  material  was 
virtually  insoluble,  in  refluxing  xylene..  The  10-SiB-l 
specimen  was  prepared  from  a  r>  percent  slurry  in  refluxing 
xylene  and  was  dried  in  nitrogen  to  2fi0deg.-C  at  2 
deg. C/Min 

The.  TGA  curves  (figures  1-3)  were  generated  on  a 
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tlu  Pont.  950  thermogravimetric  analyzer  The  specimens  were 
cast  from  the  same  solutions  used  to  make  the  mechanical 
specimens  and  were  run  at  3.6  deq-C/Mih.,  About  7Smg  of 
solution  were  used  for  each  run-  Larger  specimen  weights  ( 
about  120mg  solution  )  gave  somewhat  different  results  , 
which  will  he  discussed  later- 


The 

D^A  curves  (Figures 

4-6) 

were  generated 

on  a 

du  Pont 

900 

thermoanalyzer-. 

The 

specimens 

were 

bulk 

polymers 

taken 

as  received., 

The 

heating 

rate 

was 

iSdeg.  C/*in- 

Tn  all  the  experiments,  bottled  inhalator  air  was  used 
(  one  bottle  for  all  the  mechanical  work  and  one  for  all  the 
T3A  and  DTA  work  ) ,  The  air  was  specified  at:  10  parts  per 
million  moisture- 

FBSULTS  APD  DTSCUFStOH 

The  i O7F i B- X  series;  This  series  includes  polymers 
r,vv,  VTTf  x;r  and  XTT  of  Table  1  The  TO  A  data  and  the  TRA 
relative  rigidity  data  are  in  Figure  1;  the  DTA  data  are  in 
figure  u. 

The  1 0-siB-X  TO  A  data  indicate  that,  with  the  exception 
of  pure  silicone  (  iO-SiB~»  ,X-"F  ),  these  materials  are 
thermogravimetrical  ly  stable-  The  onset,  of  weight  loss  was 
about  ’OOdeg  C  for  all  these  polymer:.--  Above  550  deg  C  all 
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the  carborane  polymers  started  to  gain  weight  and  it  about 
57 5  deg  C  all  bat  10-SiB-1  lost  weight  again,  The  latter 
temperature  corresponds  to  the  only  region  of  weight  loss 
for  these  materials  in  an  inert  atmosphere  (i)->  The  curves 
for  ■»  V  and  VTT  were  different  when  larger  samples  were  used 
(  about.  "SOma).  7n  each  case  the  increase  in  weigh*  above 
3*0  deg-C  did  not  occur,  although  all  other  features 
remained  int.actc  Tt  i.s  of  interest  to  note  that  there 
appears  to  he  no  simple  relationship  between  the  degree  of 
weight,  loss  by  «00  deg<  C  and  the  number  of  siloxane  linkages 
per  repeat  unit-  A  linear  relationship  was  found  for  the 
weight  loss  by  POO  deq-.C  in  argon  (1)<  10-siB-l  seems  the 
most  oxidatively  stable  when  examined  via  TGA 

The  10-siP-X  PTA  data  revealed  the  melting  point  for 
10-Si B-**  as  a  sharp  endotherm.  All  the  10-SiB-X  polymers 
began  to  enter  broad  exothermic  peaks  in  the  range  of  2?5  to 
750  deg, C  With  the  exception  of  10-SiB-U,  the  first,  peak 
occurred  at  higher  temperatures  when  more  siloxane  groups 
were  in  the  repeat  unit-  A  further  sharp  well  defined 
exotherm  was  present  betwepn  3°0  and  425  deg. C;  again  the 
peak  temperatures  increased  with  siloxane  contento  The  data 
was  hounev  and  not  reproducible  above  approximately  430 
deg  C  (this  part  is  not  shown)  indicating  a  violent 


reaction 
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The  «0-SiB-X  TBA  relative  rigidity  carves  are  in  Figure 
1-  All  of  the  carborane-containir.g  polymers  experienced  a 
mode  of  stiffening  near  300  deg-C-  The  10-SiB-1,  3,  4  and  5 
polymers  commenced  stiffening  at  300,  290,  290  and  270  deq.,  C 
respectively..  Thp  ‘’O-SiB-3,  4  and  5  polymers  gave  virtually 
identical  stiffening  plots  from  300  to  about  400  deg.C, 
while  tO-SiB-1  was  shifted  somewhat  to  higher  temperatures  ( 
about  75  deg-,  C  ),  Examining  the  data  from  the  point  of  view 
of  the  inflection  point  of  the  ricridity  rise,  all  the 
carborane  polymers  had  this  point  at  about  360  deg.C.-  Pure 
silicone  was  considerably  more  stable  from  an 
oxidative- mechanical  point  of  view  since  it  began  to  stiffen 
at  ahout  350  deq  C  and  had  an  inflection  temperature  of 
about  405  deg.C-  The  rigidity  decreased  above  400.  deg,  C  for 
all  the  carborane  polymers  and  above  540  deg,.  C  it  increased 
again-  mhe  maximum  in  the  rigidity  curve  could  indicate 
that  there  was  a  scission  reaction  competing  successfully 
with  the  stiffening  reaction  or  that  the  new  material  formed 
during  the  initial  stiffening  process  was  experiencing  a 
physical  transition  (®. q»  Tg)  *  On  the  other  hand,  the 
pure  silicone  experienced  only  a  one  stage  stiffening 
process-  The  temperature  for  the  maximum  in  rigidity  for 
the  carborane  polvmers  seems  to  correspond  to  the 
temperatures  of  th°  final  sharp  exotherm  seen  by  DTK  in  all 
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cases  except  10-siD-l^  This  would  indicate  that  a  reactive 
softening  mechanism  is  more  likely  than  a  physical  one  ( 
eg.-  vq)  •  On  cooling  from  675  deg.Cj  all  the  carborane 
polymers  appeared  to  have  broad  glass  transitions  between 
400  and  500  deg,  C  [The  rigidity  level,  after  curing  to  675 
deg- C,  was  dependent,  upon  the  fraction  of  polymer  on  the 
braid  (braid  loading)  ]e  This  type  of  behavior  has  been 
reported  for  other  carborane-siloxane  polymer  systems  which 
contained  both  D10  and  Bs  cages  (F),  The  10-SiB-X  polymers 
beqan  to  stiffen  at  about  the  same  temperature  as  the 
5-<UD-l  polymer  previously  reported  (5),  hut  at  a  lower 
temperature  than  the  5-SiB-t,  20  mole  percent  10-SiB-i 
copolymer  discussed  therein  (the  higher  temperature  of 
oxidative  degradation  for  the  B  :  ,/B  5  copolymer  may,  have  been 
due  to  the  presence  of  catalyst  residue  ferric  ion 
impurities  actinq  as  oxidative  stablizers  )«  Pure  silicone 
appears  the  most  oxidatively  stable  by  both  DTA  and  TB A 
studies- 

The  series:  This  series  includes  polvmers  IT 
-V'"  of  Table  1,  The  TO?  data  and  the  TBA  data  are  in  Figure 
?;  the  DTA  data  are  in  Figure  5- 

The  IO-SiF-3  TGji  data  indicate  that  all  the  methylated 
materials  have  a  high  degree  of  thermoqravimetric  stability 
and  experienced  the  same  multistep  process  seen  in  the 
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10-SiB-X  series-  The  more  orqanic  fluorinated  polymer  (VI) 
did  lose  more  than  twice  as  much  weight  as  the  the  totally 
methylated  polymers,  with  the  first  major  weight  loss  region 
occurring  near  350  dvg. C-  As  in  the  10-SiB-X  series,  all 
the  methylated  materials  commenced  weight  loss  at  about  300 
deg.. Co  ^he  10-SiR-?  para  polymer  had  a  final  weiqht  loss 
that  was  less  than  that  for  the  meta-carhorane  polymers  and 
the  second  staqe  of  weight  loss  occurred  about  40  deg,  C 
hiqher*  As  before,  the  second  stage  weiqht  loss  in  air  for 
iO-SiB-3  nara  occurred  at  about  the  same  temperature  as  the 
sinqle  sti*k  t  t  weight  loss  in  argon  {*).,  The  different  weight 
loss  levels  for  tv  versus  tt  and  ITT  is  most  probably  due  to 
different  molecular  weight  distributions  (1)n  The  10-SiB-3 
para  appears  to  be  the  most  oxidatively  stable  of  the 
3  0-Si  P-3  polvmers  when  stulied  by  TGA  ,  although  the  first 
temperature  region  of  major  weight  loss  was  higher  for  the 
fluorinated  polymer 

The  10-5M.B-?  D"7  data  are  very  much  like  those  for  the 
•  * 

10-SiB-X  series.-  The  Tm’s  of  1 and  V  were  rpvealed  b.» 
sharp  endotherms  at  47,  4‘7,  and  10P  deg  C,  corresopnding 
well  to  the  reported  values^).  A  two-stage  process 
commencing  between  775  and  250  deo  C,  except  for  the 
fluorinated  polymer  which  entered  an  exotherm  at  about  300 
d^g-C,  was  indicated  for  all  polvmers-  '"he  first  stage  of 
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the  exotherm  for  the  fluorinated  material  was  flatter  than 
for  the  other  10-SiB-3  polymers,  and  the  second  exotherm 
peaked  at  440  rather  than  390  to  430  deg„C0  The  more 
organic  fluorinated  material  appears  more  oxidatively  stable 
when  examined  by  DTA0 

The  ')0-SiB-?  TBA  data  are  almost  identical  in  form  to 
those  of  the  10-SiB-X  series,  except  for  VT  (  the 
fluorinated  polymer)*  All  the  methylated  polymers 
experience  the  initial  stiffening  at  about  280  deg0  C  and  a 
maximum  near  400  deg:C.,  The  fluorinated  polymer  was  similar 
except  that  the  line  of  increase  of  rigidity  was  shifted  t.o 
higher  temperatures  by  about  25  deg*  C  and  the  maximum  was  at 
ahout  430  deg*  C.>  All  the  methylated  materials  experienced  a 
decrease  in  rigidity  after  the  maximum  and  then'  stiffened 
again*  The  par a-carborane  polymer  experienced  the  second 
stiffening  about  40  deq„C  higher  (as  with  the  second  weight 
loss) .  The  fluorinated  polymer  experienced  two  maxima 
indicating  a  three  staged  stiffening/softening  process.  All 
the  materials  again  displayed  a  Tg  region  in  the  400  to  f,00 
deq- C  range  on  cooling  from  625  deq*C,  as  seen  for  the 
10-SiB-X  series*  A  ranking  of  thermomechanical  oxidative 
stability  is  difficult  to  define  within  this  series, 

Tho  j.O-SiB-4  series:  This  series  includes  polymers  VII, 
"X  and  X  (VT“D  was  not  studied  oxidatively  ),  The  T3A  data 
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and  the  TBA  data  are  in  Piqure  ?;  the  OTA  data  are  in  Figure 

6, 

The  10-SiB-U  TSA  data  indicate  a  relatively  high  degree 
of  thermogravimetr ic  oxidative  stability.-.  The  phenylated 
polymers  (XX  and  X  )  displayed  small  total  weight  losses  by 
800  deg  C,  with  the  differences  between  them  presumably 
bring  due  to  differences  in  molecular  weight  distributions 
and/or  workup*  The  phenvlated  materials  displayed  a  major 
mode  of  weigh*  loss  commencina  at  350  deg«C  rather  than  300 
deg  C  for  *0-SiB-4-  All  three  polymers  displayed  a  weight 
gain  (  ?50  dea-C  for  V.tt,  and  U30  deg.  C  for  IX  and  X  )  and 
the  phenylated  polymers  displayed  a  broader  region  of  weight 
gain-  ‘'nly  the  totally  methylated  10-SiB-u  experienced  the 
second  mode  of  weight  loss  common  to  the  methylated  polymers 
discussed  above-  Tn  this  series,  the  phenylated  polymers 
are  the  most  thermograv imotrica 1 ly  stable  in  air- 

The  ■'0-SiP-h  nmA  data  amplify  the  TSA  results.  Whereas 
the  methylated  ‘O-FiB-4  entered  an  exothermic  reqion  at 
about  2U0  deg->C  f  the  phenylated  polymers  XX  and  X  entered 
such  a  region  at  300  and  ?90  deg.  C  respectively*  The 
exotherms  themselves  reflected  the  less  abrupt  nature  of  the 
weight  loss  for  the  phenylated  polymers*  The  exothermic 
p<=>aks  for  the  methylated  m-siB-4  polymer  were  sharp,  while 
those  of  the  phenylated  polymers  were  broad  and  diffuse- 


The  DTA  data  indicate  hiqh  stability  for  the  phenylated 
versus  the  totally  methylated  IO-SiB-4  polymers,  both  from 
the  point  of  view  of  the  onset  of  the  oxidative  exotherm  and 
of  the  sharpness  of  the  reaction  region- 

The  1 0-SiB~4  TP A  data  in  figure  d  include  the  plot  of 
the  lO-siB-co  curve  for  comparison-  The  following  ranking 
can  be  established  for  the  three  classes  of  materials  in 
this  figure.  The  phenylated  carborane-si loxane  polymers  and 
the  pure  silicone  are  significantly  more  stable  than  the 
totally  methylated  IO-SiB-4  ,  when  monitored 
thermomochanically  in  air.  'Hher  interesting  features  are 
the  10  deg-C  difference  in  the  onset.  of  catastrophic 
stiffening  of  the  end-capped  versus  non-end-capped 
phenvlatfcd  polymers  (  the  end-capped  reacts  first  as  was 
detected  via  DTA  }  ,  and  the  non-softening  of  the  phenylated 
polvmers  above  <ipo  deq-Co  This  second  feature  is  of 
interest  since  the  two-staqe  stiffening  process  was  still 
evident-  This  stiffening  is  also  complementary  to  the  broad 
reaction  peak  detected  by  DTA  The  phenylated  materials 
apnear  to  be  more  hiqhlv  crosslinked  than  the  other  polymers 
(  in  all  series  )  after  the  first  stiffening  process*  This 
is  apparent  since  all  the  other  rigidity  curves  displayed 
very  nearly  the  same  value  for  relative  rigidity  at  their 
respective  maxima  regardless  of  their  braid  loading,  This 
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I 

excess  crosslink  density  may  he  due  to  the  430  deg.C 

stiffening  observed  thermally  (  in  nitroqen  )  at  the  same 

•  * 

programming  rate  (1) ,  but  not  observed  for  the  methylated 
polymers..  On  the  other  hand,  the  second  stage  of  stiffening' 
in  all  the  polymers  occurred  near  the  temperature  region 
(510  to  570  deg- C  )  of  catastrophic  stiffening  in  nitroqen 

n- 

-  i 

>»one  of  the  carborane  polymer  damping  plots’  are  shown 
because  the  data  did  no  more  than  reflect  the  information 

i 

derived  from  the  rididit.y  plots,  Tn  general  terms  each 

•  '  *  i 

damping  curve  displayed  a  damping  peak  corresponding  to  each 
stage  of  the  multist.aged  stiffening  region,,  On  cooling  from 

i 

6?5  deg- C  a  large  drop  in  damping  occurred  at  about  400 
dog-C  The  overall  damping  behavior  was  similar  to  tfvat  in 
air  of  the  5-SiB-l  polymers  previously  reported  (5), 
Several  of  the  materials  which  began  to  stiffen  belowi  300 
d^g5C  displayed  a  damping  peak  at  the  onset  of  stiffening 
and  another  on°  in  the  region  of  catastrophic  stiffening. 
The  others  displayed  only  one  peak  corresponding  to  the 
first  reaction  region-  Doth  ♦■ypes  displayed  further  peaks 
at  higher  temperatures  corresponding  to  the  stiffening 
during  later  stages  of  reaction 

c<*  *jchis?'*ws 

The  thermo-oxidative  studies  dicussed  above,  indicate 
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i  j 

;  1 

that  the  poly (carborane-siloxane) s  listed  in  Table  1  fall 
.into  two  classes  of  thermo-mechanical  degradation.  The 
.fi'rst’  class,  is  composed  of  all  the  totally  methylated 
carborane  polymers  (jT-VlT  and  XT)  ,  and  is  defined  by  the  ?80 

i 

to  300  deq  c  temperature  region  tor  the  onset  of 

stiffening-  '  mho  second  class,  defined  by  a  350  deg,C  onset 

* 

of  stiffening',  is  composed  of  pure,  silicone  and  the 

phenylated  polymers.  Examination  of  the  TGA  data  for  pure 
silicon"  woul’d  discount  any  advantage  derived  from  the 

'increased  temperature  of  onset  of  stiffening,  while  the  TGA 
data  for  the  phenylated  materials  would  indicate  a  high 
‘degree  of  relative  utility.  The  two-step  nature  of  the  TBA 

data  for  all  of  t.he  carborane  polymers  indicated  that  the 

response  of  the  polymers  in  air  was  a  combination’  of  purely 

» 

oxidative  and  purely  thermal  events  that  could  be  separated 

i  , 

*  *  I 

upon  examination  of  previously  reported  thermomechanical 

i 

data  (i)  The  rather  close  grouping  of  the  curves  into  the 
two  reactibn  regions  has  prompted  the  authors  to  consider 
isothermal  oxidative  studies  to  better  define  the  close 
ranking  of  the  materials  in  oach  class  and  to  determine 

I  * 

activation  eneraies  for  the  stiffenina  process, 

•rt  is  of  interest  to  note  that,  with  respect  t.o 

> 

thermomechanica l  stability,  the  incorporation  of  carborane 
cages  into  si loxane  backbones  decreases  the  threshold  of 
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oxidative  stiffeninq0  Related  work  reported  recently  in  the 
Russian  literature  (6)  indicted  that  the  incorporation  of 
m-carborane  cages  into  polyamido  backbones  resulted  in  the 
formation  of  B2°3  upon  long-term  exposure  to  air  at  230-250 
ieg-C,-  'the  oxidative  attack  of  the  carborane  cage  below  350 
deg- C  leading  to  crosslinks  appears  reasonable*  The  nature 
of  the  stiffening  processes  for  the  pure  silicone  (one  step) 
versus  the  carborane  polymers  (multistep)  and  the  transition 
behavior  of  the  oxidatively  cured  materials  (Tg>625  deg.C 
for  the  silicone;Tg=u 00-500  deg-C  for  the  carborane 
polymers)  further  indicate  that  the  carborane  cage  itself 
has  some  direct  effect  on  the  oxidation  process,  Puture 
work  to  determine  t.he  chemical  structure  of  the  pyrolytic 
products  of  oxidation  is  planned  in  order  to  provide  a 
better  understanding  of  the  degradation  mec  ianism- 

ACK»0WIEDGI1PNfr 

^he  support  of  the  office  of  >Taval  Research  (contract 
No.  »,000‘54-67-A-0‘,51-00?4,  up  356-504)  and  the  cooperation 
of  Pr  J3  F-  sieckhaus  of  the  Clin  Research  Center,  New 
Haven,  Ct  is  acknowledged, 

RFPR1 KNOTS 

i  »ollor, M, b„  and  Gi Ilham,  J  K«,  Thermomechanical 
behavior  in  nitrogen  of  a  systematic  series  of  linear 


1U 


poly (carhorane-siloxanes) s  contain? ng  -CBioHi0C-  caqes0 
E2§E£iDi£/.  P,i vision  of  Polymer  Chemistry,  Amer-  Chem„  Soc, 
13,  ‘Jo  1,  2?7(i97 2). 

?  Lewis,  A,  f;,  and  Gillham,  J  K  ,  Hovel  technique 
for  following  the  rigidity  changes  accompanying  the  curing 
of  polymers.  d.-  Aopl  Polymer  Scit  ,  6,  42?,  1962- 

.3  Gillham,  .7  K  ,  Torsional  braid  analysis*  A 
semimicro  mechanical  approach  to  polymer  analysis.  Polymer 
Eng.  and  Sci._,  7,  Kos  4,  225,  ‘•967, 

4  Gillham,  J*  K. ,  and  Holler,  M*  Bs,  Advances  in 
instrumentation  and  technique  of  torsional  pendulum  and 
torsional  braid  analyses-  Polymer  Eng.  and  Sci^,  JM,  h'o„  4, 
2°5,  197V 

5,  Poller,  Mr  B. ,  and  Gillham,  J  K. ,  Thermomechanical 
hehavior  of  poly (carboranesi loxane) s  containing  -CB5H5C- 
caaes-  ?reprintst  DivJrSion  of  PpJ.ymer  Chemistry,  Amer, 
Chen,-  Soc  ,  1?,  6°°,  197 1  Submitted  for  publication  to 
Aggl  Polvrn.  Sci  - 

6  Korshak,  V  V  ,  Danilov,  V  G  ,  Komarova,  1-  G , 
Bekasova,  *>„  x„  f  and  Leites,  L-  A- ,  Thermal  stability  of 
po ly  (ami do-m-car horanes)  -  Vysokomol..  Soedin,  Ser-  A  13(7), 
1917  (‘*97  . 


TABLE  CAPTIONS 


Table  *  Structure  and  designation  of  10-SiB  polymers. 

FIGURE  CAPTTOKS 

Figure  *  -  Torsional  braid  and  thermogravimetric  analyses  of 
iQ-SiP-X  polymers  in  air, 

figure  ?-  Torsional  braid  and  thermogravimetric  analyses  of 
10-siP-3  nolyners  in  air- 

Figure  ?  Torsional  braid  and  thermogravimetric  analyses  of 
10-SiR-u  polymers  in  air- 

figure  a  Differential  thermal  analysis  of  10-SiB-X 

polymers  in  air 

Figure  B-  Differential  thermal  analysis  of  10-SiB-3 
polymers  in  air- 

Figuro  6  Differential  thermal  analysis  of  lO-SiB-4 

polymers  in  air- 
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